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The Checkerboard problem is another of those that 
first appeared in the Graham Dial magazine some 30 years 
ago; it is No. 44 in the book Ingenious Mathematical 
Problems and Methods (L. A. Graham, Dover Publications, 
1959). fhe problem, aa given then, was to find the 
number of ways in which a 6 x 6 checkerboard could be 
cut into four congruent pieces, following the lines of 
the board. The Figure on the cover of this Issue shows 
the 37 solutions. 


The solution that appeared in the Dial magazine 
showed 95 ways of making the cuts, but these included 
Simple rotatione and #11 mirror images. The 37 solutions 
given here are ail uniaue. 


For a2@x 2 checkerbsard, there in only one way to 
eut it into four cong nt places, Fox a 4x & board, 
there are just 5 unigue ways. Yhue, we bave the table 
of known values: 

Ale 73 
ead ee 
z dl 
4 

Pate 
i) Ane 


What can we expect for the 8 x 8 board? Casual analysis, 
by hand, suggests that there are around 250 ways to cut 
up the board. Could this number be determined precisely 
with a computer program? If so, the program should be 
generalized to handle the 10 x 10 case and higher. 


Cubic curve fitting of the available data (using 
250 for the 8 x 8 case) indicates that the 10 x 10 
result, when it is found, may be around 800, and the 
12 x 12 result may be around 1800. 
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Articles in the popular press tend to indicate that 
pattern recognition by computer program, if not already 
an accomplished fact, is about ready to emerge. Programs 

are almost perfected, it would seem, for things like 
fingerprint matching, voice recognition, and signature 
identification. Actually, these goals are elusive, and 

may be far off. Try a simple probiem in pattern recognition. 


A block of storage, B, contains 1000 decimal digits. 
(The block could be 1000 consecutive words, with each word 
containing one aigit in 4.bit BCD form.} We wish to 
gearch the 1000 digits and locate: 


p : Pe: 

(1) he longest run of odd digits, 
4 . 2 ry = he 

2} Ybe longeey run of evan digies. 


a 


f 
\ 
(3) The Longest vir of cGizita of the £ 


sy 
{> 
oo 
a 
: 
& 
is 
o 
3 


) “he Longest run of 2 versated digit; for 
example, ., 00656606... 


é fun of digits itn tne natural order 


Tie Longess £ 
O12345678901 23456... 


(A) Draw a flowchart for this logic. 


(B) Write a program in any language to input the 
1000 digits, 50 to a card, and output the location in the 
block of the five required sets. 


For example, for the 1000 digits of pi (Pc6, page 3) 
we have the following results (the starting position is 
given in each case): 


11 odd digits start at 940, 
10 even digits start at 70. 
8 digits of the form EEQOEE...start at 89. 
6 of the digit 9 repeat at 763. 

4 digits in natural order start at 659. 
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Speaking of Languases 


BY AOBERT TEAGUE 


It seems appropriate to turn our attention this ; 
month to a programming problem. Although other languages j 


will be featured in this column, the first programming 
problem is in Fortran, since this is still the most 
common language in use in the United States. 


The Change Maker jis 6 very old problen. Basically, 
4 it consists of inputting gs value to represent the amount 
purchased by a fictional customer, and also the amount 
# tendered in payment. From this the proper change, in 
y terms of the least number of coing end bills, is computed 
i and printed. Teo examples follow. 


ABOUNS PURCHASED & 22 
SMOUNY MENDERED 3 200 


BROKEN DOWN aS FOLLOWS} 


TORS 3 EE 


DOLLAR BILL(S) 
HALS 

QUARTER 
DIME(S ) 
NICKEL 
PENNY (LES) 


WHOOOrF 


AMOUNT PURCHASED ; 109 


AMOUNT TENDERED $ 200 
f BROKEN DOWN AS FOLLOWS- : 
Fas 

Fay O DOLLAR BILL(S) - > 
Ae ae ie 1 HALF : : = 
dani. «> 1 QUARTER 4 
ae CS 1 DIME(S) | a 


, es 1 NICKEL 
5 . 1 PENNY(IES) 
xact output was produced by a ceria an, rogram Pea cM 
1 7 J yl a ae =< eA; 
* wh 


Admittedly, the program with the fewest statements 
ig not necessarily the most efficient program, for there 
are other variables involved in efficiency, including 
storage requirements, execution time, etc. But tight 
code is one measure, and helps to indicate the level of 
sophistication of the programmer. It is also fun at 
times to match wits and programming skill with others 
of equal competence. 


A challenge, then--can you solve this problem go 
that it produces the output shown above in fewer than 
il Fortran statements? Only proper ANSE standard 
Fortran codes, méking use of no special features of 
any machine, are to be considered here. Checkout will 
be done on @ CRE 5300, The pnevsoon with the fevest 
statements wili bes < ad the winn ans hia soiution 
W111 be published in iain colua Sand your output 


Gos 


The following Fortran program furnishes the day of 
the week for a given date in the range covered by our 


current calendar. For the results, O is Sunday, 1 is 
Monday, 2 is Tuesday,..., 6 is Saturday. 


READE B2G) MOsKks IYR 
MODC(MO+92 12571 
LYR-47 11 
ID/ 166 
MOD (IDs 199) 
= MODCIFPIX(2- 68FLOAT(MI- Be 2)¢KS IDs IDs 44 1C/ 4-2%1Cs 7) 
WRITEC 128) MOsKsIlYRsaJ 
CORSO Me 
END 


12575194) 
129731941,0 
1121151991 
Yle115199151 
105151973 
162157197351 
$121521973 
1121521973534 
1292551973 
1232553197322 
l,i» 1800 
1213 188@s 3 
12121908 

1s 12190651 
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The Fourway problem (problem No. 5) first appeared 
in issue 3. A square array of cells each contains a 
number, from 1 to 4. The number indicates a direction 
to follow; namely, 1 means up; 2, right; 3, down; and 
Ro NEG After moving in the direction dictated by the 
number in the cell, the number is incremented by one, 
modulo 4. A single game is played by starting at the 
center cell of the array and moving until an exit from 
the array takes place. For the 3 x 3 case, starting with 
1's in all nine cells, the original pattern returns after 
16 games. This is what is now known about Fourcway: 


Cycle length 


OD 
bd 

\G 
eae 
= 
DY 
ey 
(ec 


Ha 32 Ae (greater than 1030769) 


The last partial result is furnished by Tom Cundey. Thus, 
the cycle length for the 11 x 1] case is still not known, 
but it is evidently enormous. Of course, the fact that 
the cases lower than 11 x 11 do cycle back to the original 
pattern is no proof that higher cases will. 


Meanwhile, Mr. Cundey has analyzed some three 
dimensional cases, as follows: 


6=- | 

Seo 2S pay Le Proceeding through »> | 
5x5x5 6-way 2376 the faces of the cubes Xe 
*! 

BEX Exes 8-way 36. | Proceeding through 2 
the diagonals only ae 


3x3x3 #«x2314-way Faces + diagonals 


me 


James Stein, Woodside, California, furnishes the 
following proof for the game of Fourway, which was 
introduced in issue No. 3. 


Theorem: There is no pattern of numbers in cells 
that can cause a game of Fourway to loop indefinitely. 


Proof: The array of cells is finite; thus, the 
number of patterns is finite. Thus, if a game is looping, 
there must exist at least one pattern which occurs 
repetitively. Let "P" be such a pattern. Let "c1" 
be the cell from which the move is to be made on some 
occurrence of "P," At least four moves from Cl must be 
made before the number in Cli can reoccur, and P eannot 
reoccur until the number in Cl peoceurs. 


frcw Ci, Then 
CUPS « Bas 
“e, this, 4 moves 


Let 02 be the cell in Givectieon 
a move into C2 miss ocenr berore P 
the move inta GB ah navel: 32° 
from C2 must alao be n erie P 
induction, there exiecs 
Ci) C2, Cap: ee. Unsrcey 
direction Srom Gz. En 
the array or wellg is f! 


Some further solutions to the Four 4!s Problem, 
given in PC2-1 have been furnished by Rollin Sattler: 
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Compucorp 320 and 340 


Computer Design Corporation of Santa Monica makes 
six models of portable (battery and/or AC) calculators. 
Reviewed here are the 320 (scientific) and 340 (statistical) 
machines; a later review will cover the 322, 324, 342, and 
344 machines, which are programmable. The 320 gelis 
for $695; the 340 for $795. 


All ealeuletions are carried ta 13 digits, but only 
10 digits are displayed. Ploating decimal operation is 
automatic, mut the display can be set to ahow from zero 
to 9 decimal places, 


A uniaue feature is the inclusion of parentheses ag 
operators: & nest of tomer parentheses can be made within 
outer parentheses. 


The results in 
checked to the timit 


for 5 (PC5-3} all 


All entries and results are held in storage until 
eraged. This gives the effect of & constant in all 
operations, so that repeated operations with one operand 
constant are particularly easy to perform. Overations 
can be performed into the 10 storage registers, giving 
what the makers call Direct Register Arithmetic. 


The 340 statistical model takes off the trig 
functions and the degree/radian functions, and adds the 
following statistical functions: mean, standard deviation, 
linear regression, product-moment correlation, t test 
(dependent and independent), and Z test. 


The internal function calculations are quite fast 
(about one second), with no blinking in the display. The 
logic of the machines is algebraic (i.e., 7/2 is done by 
depressing 7, +, 2, and = in that order). 


These are well designed machines. The 320 manual 
is a model of clear English, written by someone who knows 
how to use the machine. 


The scientific 320 is a portable, briefcase-sized 
machine (5.5 x 9 x 2 inches). In addition to the 
arithmetic operations, it has the trigonometric functions; 
logs and antilogs to both bases; polar to rectangular 
coordinates; degree conversion; power function; square 
“root and reciprocal; and 10 storage registers. 
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1..94591014905531330510535274 34431797296 3708472958186 
2 .6457513110645905905016157 536392604257 1025918308245 


1. AP57T 3161 5945520692769 156956 32284 10654409361374020 | 


3. 3204892477 561.237 91409 $27 33259026 30827 3660015197336 | 


; Le QUNSIACHHOIIGEO8 29 3987 17 483405091 2007 1838803506413 


[ 

reekey™ Ue as SNe een Pet tity ee te ane x 1 

1. OLOGNS SG SESEMIAG I 2EGR8 28 290010508 2906554501591 98699 | 
2096 639152284585 95eS 17207 2GehGnALNgEbNeeLgASNBISER 


3020.29 Z2TTTOTIEOOT SIHEOS49 307 2ON LESS TA ZANT 529 SHO | 


oe 
TERS Fee Cele ioe een eile Bree OO | 


FS TOS UOTE assed ey eceutel: mosey cleo 925) 
0093389533139169 14596 36928060001 


a eee asc | 
1714631:95007520970506 317 361164 3241188 3905435152076319 | 
861591955159407 6685926989467 2630227 61790838270851579 | 
2 aera cpap erierae een Testes (CN 3, 
05668097 50761327 36630232268952505 138592715842608868 | 
44.940824.167686177081895922869 36039922 311125683719215 
0466891567 383525901 3724.15545101858559015199275754932 | 
473911325485 34378497 9788060849510858742020118 3636231 
(SURE al seed ene teyttera eee cape ee nec 
41318994.713214224 3947 3341992593007 356224.9293741945 36 
500614903021051279203144 304016 368556775491 3633748132 
18113496/8427076091437 345045399337 348011261165055929 | 
3554.029928231924911903600270 361122831809 358727752145 
(arama ee B571007 36 32 1SCEEOGS 3025279000 AGEL AEE | 
So Dea ey E oe Bante ce erent ry meee ner Lae race sr CAC 
78020028664502 38230831859280613713103008292840711412 


Ae ___07731280600001 


pie 
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A Die Problem eau TS 


In a game that is currently being marketed, a player 
starts with a list of the numbers from 1 to 9, He throws 
two dice repeatedly, and for each throw he crosses off 
the total shown by the dice from the numbers remaining 
in his list. When he can no longer continue, play 
passes to the next player, and the score for the first 
player is the sum of the numbers not crossed off. Low 


score wins. 


In the list below, the sams sequence for the dice 
is played four different waya, with markedly differing 
scores. It would seem thet there is a strategy of play. 


5 | x 

tf 2% 

LO x ne 

3 ae 

61 play ends; the score Is 20 
i 

5 x 

7 Eke es 

10] 2% 


play ende; the comes 23 


Xx 


x xX 


bers are crossed 
core igs zero. 
alias bes ie 


Squares On & Lattice PROBLEM 17 


On an NXN array of points on a Cartesian grid, 
how many sets of 4 points can be found that form squares? 


For the 2x2 case, there is only one set, as in 
(1) in Figure M. 


For the 3%3 case, there are four sets of the type 
shown in (2); one set as in (3}; and one set as in (4); 
for a total of 6, 


For 
four sets ac 1s 
(8); two sets 


as in (5); 


Aare Nine se 
f n¢ sebs as in 


as in < ; 
& total of ;¢ 


ae ae ets Se ANG ae iG } 4 “f ay ei 
Similac amas an of 49 sata for the 
pane 
¢ 


5x5 cage, and 


Write & prooram 
that can pe Ccund ox 


I 
1 a oo =p 
Kee *: me yy ® todd 
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fhe article, "A Contribution to the Mathematical 
Theory of Big Game Hunting," by H. Pétard (pseud.) 
appeared in the August/September 1938 American Mathematical 
Monthly. One of the methods given there was: 


by a line running N-s. The lion is elther in the E 
portion or in the W portion; let us suppose nim to be 
in the W portion. Bisect thie portion by a line running 
E-W, The iien ia either ia the N portion or in the S 
portion; let us supposes him to be in the N portion. We 
continue this process imiefinitely, congtrusting a 

| gufficiently strong fence about the chosen portion at 

i each step, Tne diaveter of the cnossn portions 
approaches zero, so that the licn is .itimately surrounded 

by @ fence of arbitrartlly email perimeter. 


: The Bolzano-Weierstragys Method. Bisect the desert 


i 
If the four quadrants of che desert {the whole | 
desert being taken az a unit square) ere numbered 1 for | 

northwest, 2 for northeast, 3 for southeast, and 4 for 
southweat, then a series of 32 digits will locate the j 
lion to ten digit precision. See the Figure, where the | 
4 


first steps in the sequence 31242...are shown. 


The flowchart shows the logic for accepting 32 
digits and locating the lion. Some test cases are given 
here: 


Moves Ke Y 


121211111211111211111221112111111 20000000000 1.0000000000 
22k ee ee 22 Pee R2222222222222222 =1.0000000000 1.0000000000 
33333333333333333333333333333333 1.0000000000 =.0000000000 
AHWALABABAAAAHANAAHA RANA YY .0000000000 .0000000000 
12341234 12341234 1234 123412341234 . 4000000000 .8000000000 
VATA TAHA IA AITA ATA AAA ALA .0000000000 .6666666667 
24 bp Uh Hy dy 0h 24 Dy 0h Op 2p pp yp pp Op 2 .0000000000 = .5000000000 
23333333333333333333333333333333 1.0000000000 .5000000000 
LIAAAAAMAARAAAA MAHAN AAA YY Ay 0000000000 =.7500000000 
34421123344314 321422124 313214412 . 57646497 37 . 1173360766 
11223344112233441122334411223344 .2352941177 ~9411764705 
432143214 3214 32143214 3214 3214321 .4000000000 . 2000000000 


aoustejod 
oD 


TBE ‘a 
payeotput Ss 


We 


| A<— a-k fx<— 


a= ae The start of a lion hunt with the digits 31242... ve 


! The pattern shown here is a common ! 
Rs | design for linoleum and tile. A 6 x 6 ; 
e 1 square is divided up into eleven 1 x 2, 1 

1 two 1x 1, and two 2 x 2 blocks. : 


ables Problem: In how many distinct ways 
2 preensche: 15 pieces be placed on the 6 x 6 


